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Chemical Potential of Components in Slag and Steel in Various

Steelmaking Converters

Kazuhiro S. Goro, Shu YAMAGUCHI and Kazuhiro NAGATA

Synopsis:

Chemical compositions of slags and steels at the blow—end of LD converter and various top and bottom
blown converters have been collected. The number of the samples was 27 in the conventional LD, 75
in LD-OB, 30 in LD-AB, 23 in STB, and 4 in Q-BOP vessels.

The chemical potentials of P, Fe, Mn and O have been calculated in the slags as well as in the steels from
the oxygen pressures in slag measured by oxygen sensors.

The magnitude of non—equilibrium between slags and steels tends to decrease with a decrease of carbon
content in steels and with an increase of the amount of gas injected from the bottom.-
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Table 1. Chemical compositions of slags and steels with various blowing conditions.
(a) Ranges of chemical compositions and basicity of slags and distribution ratio of phosphorus at
blow-end of various converters.
Converter %Ca0 %Si0, %T. Fe Z%MgO % Al305 %P ;05 %MnO %S Ca0/Si0, P,0:/P
LD 45-55 9-16 13-24 25 1-3 2.3-3.3 | 4359 | 0.1 3.55,5 150-370
LD-AB 41-58 11-22 9-18 48 — 1.9-3.3 | 3.36.9 | 0.020.1 2.3-4.2 120-200
LD-OB 43-65 10-20 9-18 2-6 - 1.93.0 | 31-7.2 | 0.01-0.1 2,0-4.0 100-200
STB 43-55 10-19 7-19 5-8 1-2 3.5-4.5 2,.7-4.9 — 2.0-4.0 150-300
Q-BOP 47-58 10-20 9-15 36 — 4.06.2 | 4659 — 3.0-4.9 300-600
(b) Ranges of chemical compositions and temperature of steels at the blow-end of
various converters.
Converter %C %Mn %P %S o (ppm) Temp. (C)
LD 0,04-0,07 0.09-0. 18 0. 009-0. 025 0,009-0. 025 738-443 1624-1720
LD-AB 0.03-0. 73 0.13-0. 36 0,011-0. 024 0,011-0. 024 589-88 1600-1 690
LD-OB 0.03-0. 08 0.09-0. 28 0. 006-0. 022 0,008-0. 022 809-130 1600-1 720
STB 0.05-0. 10 0.10-0. 27 0.010-0. 069 0.006-0. 017 499-199 1610-1670
Q-BOP 0. 03-0. 08 0.12-0.26 0. 009-0. 019 —_ 515-284 1 589-1 605

(¢) Numbers of sample heats and the conditions of the bottom blowings of various converters.

Converter Numbers Capacity of Gases of bottom Injection
of heats converters blowings rates*
LD 27 150 t none zero
LD-AB 30 70 t Ar-0;-N, 0, 22-0, 29
LD-OB 75 70 t 0;-Hydrocarbon 0.22-0. 44
STB 23 250 t CO, 0,11
Q-BOP 4 230 t Pure oxygen 3.0

* Injection rates are given in Normal m3/min -t of hot metal.
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Fig. 1. Changes of oxygen pressures in gas, in
slag, and in metal during the blowing of the
230-t Q-BOP converter of Kawasaki Steel
Corporation?.
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Fig. 2. Oxygen pressures in slags and steels at
the blow-end of converter and at the initial,
intermediate, and blow-end of Q-BOP convert-
er as a function of carbon content?.
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Fig. 4. Magnitude of non-equilibrium between
slag and steel in LD converter as a function of

oxygen activity at blow-end.
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Fig. 5. Magnitude of non-equilibrium between
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Fig. 10. Comparison between chemical potential
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The broken line shows the relation for the true
equilibrium between slag and steel.
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